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PROCESS POR THE PREPARATION OF 7a-METHYLSTBROIDS 

The mveotton xeiakes to a new loocess for the prepatatson of Toi'inetfagdsteroids. 

S Ta-Methylsterolds represent an inqpottant class of phaonacologically active compounds. One 
example of a steroid with a raethylgrotip at the 7-positiDn is (7c^l7a)-17-hydroxy-7-ineth5d-19- 
norpregti^5(10>enh20-ya-3-oiie (Tibolone) which is the active component of Livial®, used as 
hormone rei>laceinBnt therapy in the treatment of menopausal complaints. Tibolone is a 
compound exertmg tissue-spedfic hormonal activity. In laboratory and clinical studies, Tibolone 
10 exerts estrogenic effects on the themioregulatory system, vaginal tissue and bone, but does not 
display estrogenic activity on taieast or the endometrium. Tibolone's promising eflEects on bone 
ace also cimently umler investigation for tbe 

to develop this condition. (2) Pscvlov, P,W.» et al GynecoL EndocrinoL 1999;13: 230-237, 2) 
Tibolone (LivM). A new steroid jfor the menopause. Drag Ther. Bull 1991;29:77-8, 3) Moore 
15 RJ^ Systematic and eccmomical review fbrUvi^ 
studies. BrJ.GynaecoL 1999;106 (3 SiqjpL 19) 1) 

Another pharmacobgical important class of 7a-m0thQ^steroids are 7a'-mBthyl-19-nortestosterone 
(MENT^ and the related esters at the 17-position (W099/67271), vitisiti are synthetic 

20 androgens bemg devdojped ^rhomione replacement therapy and male futility ^mrol. Studies 
have shown MENT°^ to be more potent than the male hormone testosterone in maintaining 
muscle mass, potenycy, and libido and in its ability to suppress sperm production. Also, MBNT™ 
does not enlarge the prostate as much as testosterone does» wlndi may result in safer medical 
tise. (1) Ogawa, S., et al 1996; 30:74-84. Hormones and Behavior, 2) Robbins, A., et dl. 

25 Sodety for Neurosdence Abstracts 1994;20 (part 1):376, 3) Sundatacp, SL, et al Annals of 
Medicine 1993;25:199-205, 4) Kforali, a etdl. Biology of Reproduction 1993;49:577-581) 

From a synthetic point of view, the stereoselective introduction of the substituents at C-7 
constitutes the key transfonnation in the assembJ^ of representatives £rom this important class of 
30 steroids. According to litemture, the introduction of an alkyl group in the 7-position of a steroid 
backbone is generaify accomplished by a) cuprous chloride or coprio acetate catalyzed 1,6- 
conjugate addition of alkylmagneaumhalogens to 4,6-unsaturated 3-ketosteroids, or b) fay 
congugate addition of copper-fithinmnlkyl-reageirts to 4,6-unsaturated 3-*ketost^oids. However, 
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in g^oeral these methods yield mixtiizes of lOr and 7p-aII^steioids (J) Modi, S^. et al, J. Oig. 
CbsssL 19S9J54: 2317-2321, 2) GnmweB, J. F. Steroids^ 1976^27: 6, 759. 3) Campbdl, JA. et 
al, XAiaGhiarLSoc. 1959;81: 4069, 4) Grunwell, JJF., et al. Steroids 1976;27: 750, 5) US 
patent 3,798,213, 6) van VKet N.P., et al RecLTrav.ChmPays-Bas 1986;105:1 1 1) in a,p-ratio3 
from 1,5:1 to 9:1. Isolation of the pharmacotogical interesting 7ct-isQnj©cs from the 
acco]r{)anying nnde^rable 7B'-isomers, vAkh are less effective enzyme inhibitors (O'Reilly, 
et al I Med. Chem. 1995^38: 2842) only can be achieved by chromatographic separation, or by 
laborious wrk-up procedures by repetitive reciystaQczation. Both operations decrease the yield 
of the desired 7a- isomer ^nificantly. 

10 Alternative methods fiir the introdoction of 7-aIkylgioups have been developed, but are not 
generally ^Hcabte. Qnfy a limited setection of alkylgroTips can be introdaced, the method is 
Hnuted to tbe ^ynthesb of steroids vrith an aromadc A-riog, or addltioxial reaction steps are 
required, making these methods generally inefiBctenL For emoaple: 7a-sab5titut6d estradiols 
have been prepared by conversion of 6"ketoestradk>is into 6-CpiheiQ4sulfim>|)-6- 

15 defaydzoestradio], which tmdergoes coigugate addition of oiganoHthium reagents to tibie C-7- 
position, followed by additiozaal steps to remove the suUbne group. (Kfinzer, H. et al 
Tetrahedron Lett 1994;35: 11, 1691) In a more recent srpproach 7a-substituted estradiols tove 
' been prepared by allgdation of 6-ketoestradiols, followed by deoxygenation and deprotection 
with boron triflnoride etherate and triet^lwlaae. (Tedesco, R. et al Tetrahedron LetL 1997;38: 

20 46, 7997). In DE 4018828A it is described that 7a-methyIesh»dioIs were prepared by a 
sequence of reactions ftom S,9-unsaturated estradiols with formaldehyde in the presence of 
Lewis acids^ followed by catalytic iQrdrogenatioii, to^jdation, and reductimL In EP 0262201B1 
the preparation of 7a-prop3^steroids is described from 4,6-unsatozated 3-ketost6coids tor a 
Sakurai reaction of a^ltrMcylsilanes or al^y^ltrialkyUbi compounds in the presence of Lewis 

25 acids, followed by a selective hydrogenation with tris(trq[iheirylpb0^1iine)]^ 

(^nikinson's cataltsfsts). (see also Nicldsch, K; Laurent, H. Tetrahedron Lett. 1988^9: 13, 1533). 
Theirefore, a major chafleoge in the synthesis of 7-alk3dstm>id9 is control of the 
diastercoselectivity of the copper mediated 1,6-conjugate addition, wMch is the most 
straightforward method of introduction for 7-aIkyIgroups. 
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According to tlie present inventio]), a piocess has now heea found fi>r the prfiparathm of 7a- 
methyl 17P-faydt03Qr steroids of the fomnib I 




o^^"-^^^^^-^ 'CH3 (0 
wherein Rl bhydrogen> methyl or C^, 

by a copper mediated l,6-c02^ugate additioti of a Gxignard reag^ CHsMgX, X being a halogen 
(CI, Br or I)» to the 4,6-iinsatarated 3-ketosten>id of fomnila Jl, 




wherein RI is as previotisl^ defined, conq^ri^Dg protecting the n^-hydroxy group of the steroid 
of formula H with a trklkyMJ^l group» Ibllowed by treating the UP^hydroTQ^ protected steroid 
the Grignazd reagent _ 

10 Ihe process of this invention xesnfts in a m^or increase in sohiUIity of the steroid sohstratci, 
opens up the possibffify to xnoceaso the concoitcatioix of steioid substrates in said process (a 
ratiige of concentradons is posshle, but prefraablty the concentration of the steroid is 0.1 to 03 
noobr), and suipxisipgly shoivs a marked^ improved stereoselectivi^ in &VDr of the deared 7ot- 
isomer. The levels of the unwanted 7P-isomer ate decieased to levels below 2JS%, whidi is a 

1 5 more than ^xfbld impacovement in selectivity (fiom approximately 6:1 to 39: 1). 



Although the trialkylsilyl protection of a 17P-hydroxy group in a process "wterein a Joir^thyl 
group was introduced has been described previously (WO 01/05806), the reported selectivity 
was only 85:15 (a:p). 

20 



Preferably, Rl is hydrogen or OC. 
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The pre(fi^n:ed Grigoacd reagent 

The Qn^patA xeaction of the process of the mveixtiDa can be performed in sevexal sohrents or 
mixtures of solvents, which are well known to the person skilled in the art, such as 
tetrahydrofijran, dimethoxyethane, diethyl ether, mono- and diglyme, toluene and the Hke. 
5 Preferred are tetrahydrofitran or dieti^l ether or a mixture of these solvaots. Tetrahydrofuran ks 
the most preferred solvent. 

The Grignard reagent Is used equimolar or in excess to the steroid. Preferably, ths molar ratio of 
the steroid to the Grigisard reagent is 1:1 to 1 :7. 

The step viiereinthe trialkyisilyi protective group is introduced according to the process of the 
10 inventi(Hi can he integrated in the l,6-coi]|ugate addition leacticin, retaimog the improved 
stereosebcti^ m favor of the desired 7a-isomer and wiChont loss of yield. The term '^atkyF 
used herein means tarandied or unfaraoched (1-60) aUcyi, such as present in the trimetfaylaity], 
txieti^Isil^d, or tert-hutyldinoeth^bsil^l protective groi^ wl^h are all suitable protective groups 
for use in the process of the invention (but not limited to these exan:p]es). The preferred 
1 S protective grotQ)s are trimethylsilyl or triethylsilyl; most preferred is trimethylsifyL 

In the process of this invention a copper cata^ is used to catalyze the Qrignard reaction, such 
as copperCQ) acetate, copper(n) chorKle, copp^tjl) bromide, Gopper(II) iodide and the like. The 
preferred catalysts are selected &>m copper(II) acetate or copperQI) chloride. The most 
preferred catalyst is copper(n)acetate. 
20 The reaction temperature of the Grignard reaction of the process of the invention is not very 
critical, but should be kept low, pre&rabfy b^ween -7S '^C and 0 °C. Theprefbned ten^serature 
rai^e is fiom -35 to -25 *a 

This newprocessfi)r the first time makes a stra^^xtforward approach avmlahte fbr increasing the 
stereosetecthdty of copper catalyzed l,6*^n|ugate addition of nsetbylmagnesauzhhalogens to 
25 lyp-l^drox^dated 4»6-x!Dsaturated 3-ketost^ids. Consequently, laborions woik-np procedures 
by troublesome chtomatograpMc separations or by repetitive reciystallization ace unnecessaiy. 

In a suitable process of the invention a 17&-bydro^ 4,6-unsaturat6d S-ketosteroid is treated 
with a trialkylsilyl reagent to protect the 17-hydroxy ftmctionality, after which a solution of the 
30 1 7-silyl protected steroid is added to a mixture of the copper catalyst and the Grignard reagent in 
an appropriate solvent, which after stirring £>r some time is followed by removal of the 
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pacotedive gcoxip, Semoval of the trialk^m^ piotective group take9 pkcQ under f&e ^^cal 
conditions needed for tfae con|agation to the 4-QDsaiut:ated S-ketosteroids; lesultiz^ m an 
e£Fecttve one-step procedure. Suitabiir, the process is finalized by add treatment for both 
removal of the trialkylsi^l group and equiHbration of tfae 3,5-unsaturated magnesian^enolate to 
5 the desired 7a-me^lstetoids of tfae JfotnuikL 

The process of the invention is particularly nse&l for tiie jH^aradon of 7a-*nietfayIsteroid 
(7c^l7a>17-hydroxy-7-inethy]rl9-norpregn-4-en-20-yxH3-^ne, suitable for preparation of 
(7ot,17a>17-hydro3<y-7-mBthyirl9-norpregnr5(10)-ea-^^ (Tibolone), and for the 

10 preparation of 7a-nustlxyl-19-nortestosterDne (MENT). For comparison, voAout introduction of 
a trialkyM)^ protective ffovtp, MKNT was prepared by a copper catalyzed 1,6-conjugate 
addition from 17P-17-lxydroxy-estFa-4,6-diene-3-onB in approxiaiate:^/ 55% joeld, with a 7ce,P- 
ratio of S5:15 (acoordtog to procedures descdbed in US 5342»834; FR 4.521 ^Q. Ksolatbn of 
the Torisomer could only be achieved by repeated crystallizations from respectivB^ heptane, and 

IS aqueous acetone, decreaang tiie ovetaU yidd to a nxtdexate 44%. In a suitable process acccnding 
to the invention, introduction of a trimetbylsilyl protective groxtp before ib& 1,6-corgttgate 
addition reaction increases die overall yield of MENT to 79%, is an impiovemeot of the 
overaliy3e]d.by.80%. .. 

20 The inventbn is further illustrated by the following exan^les, which does not mean any 
luuuaijon. 

25 

EXAMPLE 1. 

7a-Hnetfayl-19--nortestostecone (MENT). 

CMorotrimetlQ^lsilane (34.4 nil, 370 nnnol) was added diopwise xmder nitrogen atniiosphere at 
30 20*'C to a sohitioii of (17P>17-lQ^xp-estra-4,6-diene-3-one (25 g, 92 mmol) (Wettstein, A. 
Hetv.ChintActa, 1940^: 388) and trietbylamine (50 nil, 350 mmol) in ant^^us 
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tetrabydrofijiaii (250 ml). The lesiil&ig mixture.was stiixed at leflux &t 2K The leactiaa 
mixture \vas cooled to room tempraatuie* water (125 xol) xvas added and liie mbcture was 
extracted with toluene (250 ml). Tlie condnned oxg^ layer was washed with an 10% aqueous 
sodium chloride solution (125 ml) and evaporated under reduced pressure to yield the 17- 
5 trimethylsflyloxy-intennediate as a residual soKd, which without isolation was dissolved in 
anhydrous tetrafaydrofiuran (250 nd). The sohction was added at -SO^'C in 2 h to a nuxtuie of 
copper(II) acetate (2.5S g, 12.5 mmol) and a SM sohition of metbybn^Tiesium chloride (6L6 g, 
1 85 mxDoI) in tetrahydrofuran (120 ml), and the orange-red solution was stirred at -30**C fi>r 1 h. 
Next the xeactton mixture was poured into a solution of sulfudo add (36.5 ml, 681 mmol) and 
10 water (500 nol) and stinred at 40<'C&r 2,5 b. Sodium acetate v^ 

mixture was extracted with ethyl acetate (260 ml) and washed with aqueous ammoniom chbiide 
(83 ml, 10%). Afi»r removal of solvents lay evs^iationuiider reduce aqueous acetone 

(150 ml» 50%) was added, and at -lO'^C 7a-melhyl-19-nortestostecone (MEtOT) was 
crystafliaed (19.6 g, 79%) Qxk accoidance to US 5,342,834; FR 4.521 M) in a 7a,p~jatio of 99:1. 

15 

EXAMPLE 2. 

(7a,17a)-17-Hydro3Qr-7-inetlQ^M9-noii^ 

20 Cblototrimetbylsilane (6.28 ml, 67.5 mmol) was added dropwise muter nitrogen atmosphere at 
20^C to a solution of (17a)-17-l]ydxo37-19-noiptegna-4,6-dienr20-yn-3-one (5.0 g, 17 mmoQ 
(GB 935116) and pyridine (11.4 ml, 142 mmo9 in anhydrous tetrahydrojfoian (50 ml). Hie 
resnhiDg mixture was stirred at refiux for 2.5 h. The reaction mixture was cooled to room 
temperature water (25 nd) was added and the mbctuie was extracted with toluene (50 ml). The 

25 combined organic layer was washed with aqueous methanol (25 ml, 70%) and evaporated under 
reduced pressure to yield the 17-trimethyMyloxy-intermediate a residual soHd, wMch without 
isolation was dissolved in anhydrous tetrahydrofuran (110 ml). This solution was added at — 
30^C in 2 h to a mixture of copper(II) acetate (0.58 g, 2.9 ixmioJ) and a 3M sohition of 
methyhnagnesium chloride (40 g, 118 mmol) in tetrahydrofuran (50 ml), and was stirred at - 

30 30°C for 1 h. Next the reaction mixture was poured into a soludon of sulfiiric acid (6.8 ml, 126 
mmol) and aqueous tettahydro&ran (160 ml, 15%) and stirred at 20°C &r 8 h. Sodium acetate 
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was added to a pH of 3 .5, and aS^ Temoval of solvents evaporatioiL under leduced pressure 
(7a,17a>174Qdioxy-7-Dietfa34-1^4i^^ vm ciystalfized (5.2 g, 99%) (m 

accoidaxice to Steratmie: Van VHet, et al RecLTtev.GhmiP&yi^Bas, 1986;10S: 111), in a 
7a»P-rafio of 95:5. 
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1. Aptocessforttopaeparafioiiof 7a-n.Bthyll7p.l^ 




iqr a copper mediated 1 .e^njugate addidaa of a Gtignard reagent CHaMgX, X bdng a 
babgai, to the ^64insaturaied S-ketostemid of finnmla H, 




00 

■wherem Rl is as previoiisfy defined, 

con^ising protecting liie IVP-hydioxy groap of the steioid of fomnda H wim a trialkyi^ 
groi^foDo^ly treating fhenp-hydio^cy protected steroid 

2. TheproceMofdaiml.viierdnKlislydrogettorOEC. 

3. Thepiocessofdaiiiislor2,wlieieia4eCagnatdj»ageiitisai^^ 

4. Ttopiocessofany.oneofclainBl-3.vtoeinthetriaW 
tdetliQrIsSyl group. 

5. Tie process of aior one of claims 1 - 4. M*ereia the solvent of the Grigoard reaction is 
tetraliydrofuraii, diethyl ether or a mijctuie thereo£ 
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6. The process of any one of daiins 1 -SyVdierdn^ 
molar. 

7. The process ofaiiyoiie of clamas 1 - 6, vdseieia the im>]ar ratio offhe steroid to the Gtig^ 
5 reag^t is 1:1 to 1:7. 

8. The proems of ai^ one of claims 1 - 7, vAuerein as capper catalyst coppetCD) acetate or 
coppecCn) chloride is used. 



10 



9. The process of any one of cbims 1 - S, ^dumm the reaction temperature of the Qdffoasd 
reaction is -78 *C to 0 *a 
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ABSTRACT 

The iavendon relates to a process for the prqparatioii of Ta-methyl np-hy^droxy steroids of the 
fbotmulal 




i^riher^Rl is h^rdrogen, methyl or 

hy a copper xnedmted 1 ,6-cottiugete addition of a Gdqgnard reagent CBJSd%X^ X being a halogBD^ 
to the 4,6-inisatiiraked 3-ketosteEoid of jformula n, 




\^iKremRl is as pieviousty defined, 

conqprising protecting the 17P-hydroxy groi^> of the steroid of foramla II with a trialkyls2tyi 
group, followed hy treathig the ITp^hydroxy protected steroid with the Grignard reagent. 
The process of the ioveixtion is usefid for the productiDii of pharmacoIogLcalj^ interesting 
steroicte. 
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